Methods
Objective To evaluate the improvement of diagnostic ability of exercise testing to detect multivessel coronary artery disease in patients with extended Q-wave anterior myocardial infarction, using additional right-sided chest leads.
Methods Fifty-two consecutive patients with Q-wave anterior myocardial infarction underwent exercise testing, using the standard 12 and the additional right-sided (V3R, V4R, V5R) chest leads, thallium-201 scintigraphy and coronary arteriography.
Results Twenty-one (40%) patients had one-vessel disease, 18 (35%) had two-vessel disease and 13 (25%) had three-vessel disease. The sensitivities of the standard 12-lead exercise testing and its combination with the additional right-sided chest leads were 24% (5/21) versus 28% (6/21) for the detection of one-vessel disease (P: NS), 33% (6/18) versus 83% (15/18) for the detection of two-vessel disease (P < 0.05) and 38% (5/13) versus 92% (12/13) for the detection of three-vessel disease (P < 0.05), respectively. In thallium-201 scintigraphy, 29 of the 31 (94%) patients with multivessel coronary artery disease demonstrated reversible ischemia. The usual 12-lead exercise testing could detect ischemia in 11 (35%) of these 31 patients, while the addition of the right-sided chest leads could detect ischemia in 27 (87%) of them (P < 0.05).
Conclusions
The additional right-sided chest leads significantly improve the low sensitivity of the usual exercise testing to detect multivessel coronary artery disease in patients with previous extended Q-wave anterior myocardial infarction. 
Introduction
In patients with previous extended Q-wave anterior myocardial infarction, a significant stenosis of the left anterior descending artery (LAD) is almost always the culprit lesion. In these high-risk patients, the choice of a non-invasive diagnostic procedure, to achieve an adequate and safe clinical follow-up, for the early detection of myocardial ischemia remains an unsolved problem, as the usefulness of the standard treadmill exercise test is controversial. Exercise-induced ST segment elevation in the Q-wave leads is reported to detect residual viability in the infarcted myocardial wall [1, 2] , while in patients with Q-wave inferior infarction, exercise-induced ST segment depression in leads, not related with the infarcted area, is supposed to be a sign of myocardial ischemia, which may require invasive evaluation [3] . No data have been reported about the use of standard exercise testing in patients with previous extended Q-wave anterior myocardial infarction, in order to detect coronary artery disease (CAD) progression into the multivessel form. The addition of the right-sided chest leads has been reported to significantly improve the diagnostic ability of standard exercise testing, mainly because of increased sensitivity in the detection of significant stenosis of right coronary artery (RCA) and left circumflex coronary artery (LCX) [4] .
This study was undertaken to evaluate the improvement in the diagnostic ability of exercise testing to detect multivessel CAD, using additional right-sided chest leads, in patients with extended Q-wave anterior myocardial infarction. infarction (39 men and 13 women), aged from 46 to 69 years (mean 58 ± 7 years). We considered as extended any anterior myocardial infarction that was represented in the electrocardiogram (ECG) as Q-wave myocardial infarction in precordial leads V1 to V4 and/or V5. All patients underwent a treadmill exercise test and thallium-201 (TL-201) scintigraphy, using single photon emission computed tomography 25 ± 3 days after anterior myocardial infarction, and coronary angiography 10 ± 3 days after TL-201 scintigraphy. During exercise testing, each patient had one ECG recorded with the standard 12 leads and three right-sided chest leads (V3R, V4R and V5R), with the results for each set of leads recorded and analyzed separately.
Excluded from the study were patients who had left or right bundle-branch block, left or right ventricular hypertrophy, ventricular preexcitation, valvular disease, those who had undergone coronary angioplasty and those who were receiving digitalis. All medications were discontinued for at least five half-lives before the exercise test. The study was approved by our hospital's Ethics Committee and written informed consent was obtained from all participants.
Baseline characteristics of the study population are shown in Table 1 .
Treadmill exercise testing and thallium-201 scintigraphy
All patients performed exercises on a Marquette case system (G-Medical System, Milwaukee, Wisconsin, USA), according to the multistage Bruce protocol. Each patient had an ECG recorded with the standard 12 precordial leads and three additional right-sided chest leads (V3R, V4R, V5R). The positions of standard and right-sided chest leads were as previously described [4] . The ECG was recorded continuously during exercise and for up to 10 min during the recovery period. The results for each set of leads were recorded and analyzed separately. Blood pressure was measured every minute, during exercise and during the recovery period, with a sphygmomanometer.
Exercise was terminated because of severe angina, fatigue, dyspnea or severe arrhythmias. In the absence of symptoms, the test was terminated at the occurrence of Z 2-mm ST segment depression or Z 1-mm ST segment elevation, a decrease in systolic blood pressure Z 10 mmHg [5] or inability to exercise further because of fatigue. An ischemic ST segment response was defined as horizontal or downsloping ST segment depression of Z 1 mm below the baseline, taken 60 ms after the J-point, upsloping ST segment depression of Z 1.5 mm, taken 80 ms after J-point or ST segment elevation of 1 mm or more.
At peak exercise, a dose of 3.0 mCi of TL-201 was administered intravenously and the exercise was continued for another minute. Blood pressure, heart rate, usual 12 leads and the three additional (V3R, V4R, V5R) leads were obtained every minute, for a 3-min recovery period, before the patients were transferred to the g-camera room.
Thallium images were then obtained with a highsensitivity, low-energy, medium resolution, parallel-hole collimator (General Electric 400 AC/T, G Medical System, Milwaukee, Wisconsin, USA) centered on the 68-keV photo peak with a 20% window. The camera was rotated in a 1801 arch, in an elliptical orbit around the patient's thorax, from a right anterior oblique angle of 401 to a left posterior angle of 401, at 61 increments for 30 s each. Redistribution images were obtained 3 h after the stress images, while patients were resting.
From the raw scintigraphic data, vertical short-axis and long-axis tomograms were reconstructed and four consecutive representative slices of each view were selected for interpretation. The reconstructed stress and redistribution images were then analyzed both qualitatively and quantitatively, using standard techniques [6] . The interpretation was performed by two independent investigators, without knowledge of catheterization data.
Electrocardiographic measurements were performed with a magnifying lens by two of the investigators, who were unaware of the angiographic and TL-201 scintigraphic results. The intraobserver and interobserver variabilities for ST segment depression and elevation were 0.07 ± 0.05 and 0.08 ± 0.05 mm, respectively.
Coronary arteriography and left ventriculography
All patients underwent left ventriculography in the 301 right anterior oblique projection, at 40 frames/s. The area-length method was used for the calculation of the left ventricular ejection fraction. All patients underwent selective coronary arteriography, using the percutaneous (Judkins) technique. The left coronary artery was visualized in the 601 left anterior oblique, in the 301 right anterior oblique and in the left lateral positions, with a 301 cranial angulation. The RCA was visualized in the 601 left anterior oblique and the 301 right anterior oblique positions.
Significant coronary stenosis was considered in the presence of more than 70% diameter narrowing in the lumen of the LAD, the LCX and the RCA, or a diameter narrowing of at least 50% in the left main coronary artery. The interpretation was performed by two investigators, who were unaware of TL-201 scintigraphy results.
Statistical analysis
Values are expressed as mean ± SD. Comparisons among subgroups were performed with w 2 analysis and two-way analysis of variance with multiple comparisons, as appropriate. Statistical significance was assumed for P < 0.05.
Results
Exercise parameters of the study population are presented in Table 2 . According to the angiographic results, 21 (40%) patients had one-vessel disease (1-VD), 18 (35%) patients had two-vessel disease (2-VD) and 13 (25%) patients had three-vessel disease (3-VD). All patients with 1-VD had a critical stenosis in the LAD. Among the 18 patients with 2-VD, 12 had critical stenoses in both the LAD and the RCA, while the rest of the six patients had critical stenoses in both the LAD and the LCX.
The sensitivities of the usual exercise test to detect myocardial ischemia in patients with extended Q-wave anterior myocardial infarction were found to be very low [24% (5/21) for the detection of 1-VD, 33% (6/18) for the detection of 2-VD and 38% (5/13) for the detection of 3-VD]. The use of the additional right-sided chest leads did not significantly improve the sensitivity of the usual exercise test for the detection of 1-VD [28% (6/21) versus 24% (5/21), respectively (P: NS)]. In patients with multivessel CAD, however, the additional three rightsided leads significantly improved the sensitivity of the usual 12-lead exercise test [83% (15/18) versus 33% (6/18) (P < 0.05) for the detection of 2-VD and 92% (12/13) versus 38% (5/13) (P < 0.05) for the detection of 3-VD] (Fig. 1) .
The correlation of exercise-induced ST segment changes in right-sided chest leads with the angiographic results is shown in Table 3 . According to these results, ST segment changes in V3R or V3R and V4R (but not in V5R) may identify the combination of RCA with known LAD disease, whereas exercise-induced ST segment changes in V5R or V4R and V5R (but not in V3R) may identify the (Fig. 1 ).
Discussion
According to our results, the addition of right-sided chest leads significantly improves the diagnostic ability of the 1-VD (n = 21) LAD mST (n = 1) 2-VD (n = 18) LAD + RCA (n = 12) mST (n = 2) mST (n = 8) LAD + LCX (n = 6) mST (n = 1) mST (n = 3) kST (n = 1) 3-VD (n = 13) LAD + LCX + RCA mST (n = 11) kST (n = 1) VD, vessel disease; LAD, left anterior descending coronary artery; RCA, right coronary artery; LCX, left circumflex coronary artery; n denotes the number of patients; mST denotes ST segment elevation and kST denotes ST segment depression. standard exercise test to detect myocardial ischemia in patients with a previous extended Q-wave anterior myocardial infarction and multivessel CAD. The combined standard 12-lead and right-sided chest lead exercise test shows a diagnostic accuracy for the detection of myocardial ischemia, which is similar to that of TL-201 scintigraphy (87% versus 94%, respectively). This may be because of the greatest ability of the rightsided chest leads to detect critical stenoses, especially in LCX and RCA.
Exercise testing is a non-invasive diagnostic procedure with a specificity around 80% and a sensitivity around 70% for obstructive CAD, as confirmed by angiography [7] . Controversy exists, however, about whether the presence of ischemic Q waves in resting ECG limits the accuracy of standard exercise test to detect multivessel CAD. The presence of Q-waves may have no significant effect on the ability of the exercise ECG to detect severe CAD, as it was previously supposed [8] . Exercise-induced ST segment depression in leads, not related with the infarcted area, is supposed to be a sign of myocardial ischemia that may require invasive evaluation [3] . In patients with previous Q-wave inferior myocardial infarction, the presence of ST segment changes in anterior leads was associated with reversible anterior perfusion defects and LAD stenosis in 82% of them [9] . Furthermore, exercise-induced ST segment elevation in leads with prominent Q-waves has been reported to detect residual viability in the infarcted myocardial wall [1, 2] . Such stress-induced electrocardiographic changes were not generally adopted as markers of residual myocardial ischemia and viability in the infarcted area [10, 11] . Ho et al. [10] showed that dobutamineinduced ST-T changes are not associated with residual ischemia and viability in the infarcted area. Moreover, Ricci et al. [11] concluded that dobutamine-induced ST segment elevation is not associated with higher incidence and extent of viable or jeopardized myocardium but rather with a greater extent of wall motion abnormalities at rest.
No previous data are available concerning the ability of standard exercise test to detect multivessel CAD in patients with extended Q-wave anterior myocardial infarction. Our results suggest that the standard exercise These results seem reasonable, as right-sided chest leads have been postulated to improve exercise test accuracy, because of the higher ability to detect RCA or LCX stenoses. The use of V4R, as an additional lead in the exercise test, was initially reported to improve RCA stenosis detection [12, 13] . ST segment alterations in certain combinations of precordial leads (V1 and V2) and right-sided chest leads (V3R and V4R) are suggested to be indicative of the culprit vessel in patients with myocardial infarction, during the dobutamine stress test [14] . Furthermore, we previously demonstrated that additional right-sided chest leads contributed to 1-VD detection in 14% of patients with LAD stenosis, 64% of patients with RCA stenosis and 41% of patients with LCX stenosis [4] .
TL-201 scintigraphy detected reversible myocardial ischemia in 29 of 31 (94%) patients with extended Q-wave anterior myocardial infarction and multivessel CAD. The sensitivity of the exercise test with the use of the additional right-sided chest leads to detect myocardial ischemia in patients with multivessel CAD was significantly higher than the sensitivity of the standard exercise test (84% versus 32%, respectively). The contribution of the right-sided chest leads significantly improves the diagnostic ability of the exercise ECG to a level comparable to that of TL-201 scintigraphy. Exercise ECG, however, is considered to have decreased diagnostic ability in certain categories of patients (left ventricular hypertrophy, left bundle-branch block, etc), which were excluded from this study. 
Peak exercise
Exercise electrocardiographic medians with exercise-induced ST segment elevation in V3R, V4R and V5R at peak exercise. Coronary arteriography revealed three-vessel disease.
In conclusion, the use of a combination of standard exercise test and right-sided chest leads in patients with extended Q-wave anterior myocardial infarction has a high sensitivity for the detection of multivessel CAD, which is comparable to that of TL-201 scintigraphy.
